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Abstract 
This paper presents a fuzzy logic application for architectural site planning design. A residential settlement layout is the result of 
a complex design process aiming to manage the most advantageous location for all houses with certain objectives and constraints. 
The introduced fuzzy layout planning model will help designers to reach the optimum solution by supporting their reasoning 
patterns and decision making mechanism. This paper gives the general frame of the proposed analysis model with operational 
steps through a case study. To reconfigure it as a generative model for producing site layouts is the goal of further research.  
© 2016 The Authors. Published by Elsevier B.V. 
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1.  Introduction 
Housing design is not a merely architectural/interior design problem, but also a land use problem. Decisions 
about building-land relation are not only limited to massing (shape and size of the building) within a square meter or 
orientation (direction of the building) for daylighting, but also strongly refer to the location of a building in the 
settlement. The place of a house on a layout means accessibility, neighboring, scenery and many others, which 
affects the overall design and architectural quality of that house. Therefore, site plan design is the crucial part of 
housing design. Architects aim to develop a proper site plan, which can provide equal benefits and availability for 
each housing unit as far as possible. According to Biddulph1, a residential urban design opens up or reduces 
opportunities for inhabitants, like how density (units per hectare) can define residential schemes and influence 
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lifestyles. Wells, Evans and Yang2 detail how planning decisions affect people’s physical health and psychological 
well-being. An efficient planning provides better settlements at both urban and housing scales, which is required for 
social, financial and environmental sustainability.  
In site planning, some basic and objective design elements such as step free pedestrian walks and 
weatherproofing shelters are required for the quality of life. Besides, a layout design mostly depends on subjective 
indicators like privacy and easy access to services. In that sense, site planning is a constrained optimization problem 
for each and all housing units; where various types of parameters take a part from zoning regulations to user 
preferences. Architects or planners intuitively handle all layout components with maximizing/minimizing functions 
of variables to create a site plan. Since it is inherently a very hard task, they may skip the quality of each house 
while designing the whole; thereby lose control of the process and final result. However, like many Computer-Aided 
Architectural Design (CAAD) applications, site planning may also be structured as a multi-criteria decision-making 
(MCDM) process by using a suitable computational model, which is the objective of this paper.  
The design process of site layout planning does not cover a wide architectural literature. Nevertheless, some soft 
computing methods have already attempted to cover similar topics of research: the analytical hierarchy process 
(AHP) with fuzzy evaluation to decide most suitable areas for rural buildings by using physical, environmental and 
economic criteria3; evolutionary algorithms for architectural floorplan layout design and optimization4,5; also 
artificial neural networks (ANN)6, genetic algorithms (GA)7 and multi-element search algorithm8 in facility 
buildings layout planning of construction projects. Layout planning was studied at urban level by Ligmann-
Zielinska9 as developing a multiobjective spatial optimization model for sustainable land use patterns in city 
planning.  There are also several new papers focusing on site design at a relatively smaller scale. El Ansary and 
Shalaby10 used GA for optimum site layout of residential houses, providing maximum visual privacy and minimum 
solar radiation for each settlement. Aksoy et al.11 also worked on settlement scale with Pareto based non-dominated 
genetic algorithm. They produced layout alternatives for apartment house complexes according to sustainable design 
parameters, regulations and local climate conditions as objective functions. Baydo÷an and ùener12 tried Artificial 
Bee Colony (ABC) algorithm to decide the location and mass of buildings within the constraints of “Standardized 
Building and Zoning Regulation” in Turkey. All those articles were developed to assist that chaotic process of 
planning layouts with the help of techniques tolerating imprecision and approximation.   
This study aims to develop a design support model for site plans by using fuzzy mathematics to evaluate housing 
units’ locational quality. Fuzzy logic is preferred as the most appropriate soft computing method which can replicate 
designers’ way of thinking while maintaining a certain satisfaction level for each residential unit. With predefined 
parameters and if-then control rules, fuzzy model calculates the value of housing locations on a site plan, and lists 
them from the most advantageous to the least. The model, as an analysis tool, can be used to assess an existing built-
up site plan, which is useful for new regulations and operational development. However, the main objective of 
further research is to use the model in the preliminary design stage; to generate layouts with satisfaction values for 
location of houses. Later, optimum site plans can be produced by keeping all houses above a defined lower limit 
value or by assigning a value distribution ratio to the settlement. From this perspective, the proposed model can be 
useful for students and practitioners of urban design, planning, architecture and landscape; or whoever is in the 
position of decision making for land usage.  
The paper first gives the methodological approach and conceptual foundation of the model encompassing 
relevant issues on fuzzy logic in architectural design. After the structure of the model is described, it is applied to a 
medium density summer housing settlement in Famagusta, Cyprus. The results of the analysis are promising in 
terms of giving a rational and sensible evaluation, which mostly match up with reasoning in human decision 
making. In the conclusion part, the potentials of the model as a layout generator in the early stages of design are 
discussed.  
2.  Fuzzy Site Planning Model 
In design, site layout planning problems are dynamic, multi-objective and uncertain in nature. For each single 
house on the plan, location is a utility function that is to be maximized according to designer’s knowledge and 
experience. When layout design is computerized, fuzzy systems are the best to carry out that subjective decision-
making process. Fuzzy logic and set theory was coined by Lotfi A. Zadeh in 1965 as an alternative for binary logic. 
This approach allows partial belonging; values in the interval [1 - 0] from the highest level of compatibility (1) to 
non-compatibility (0). Zadeh13 mentions three basic concepts of human cognition, which are granulation, 
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organization and causation: “granulation involves decomposition of a whole into parts; organization involves 
integration of parts into a whole; and causation relates to the association of causes with effects.” Humans are 
capable of making rational decisions in an environment of imprecision and uncertainty. In that sense, fuzzy logic 
prompts a qualitative analysis referring to linguistic thinking. 
The built environment is always subject to uncertainty arising from many factors related to project, construction 
and occupancy. Fuzzy reasoning is used in many fields for understanding and interpretation of the built environment 
from performance assessments to solving complex urban problems14. Fuzziness is seen as an appropriate tool by 
researchers to handle ambiguity, vagueness and imperfection engaged with architectural and urban space. For 
instance, inexactness in the perception of distance is expressed as “approximately the shortest” or “reasonably close 
to”. Spatial choice is also conceptualized as a fuzzy set with membership functions. In the book titled “Practical 
Applications of Fuzzy Technologies” edited by Zimmermann (1999), Leung15,16 says that when choosing the 
location of our home, we may employ criteria such as easy accessibility, inexpensiveness, good public services, and 
low crime rate. Site preferences are by no means clear-cut, but are a matter of degree. Thus, residential choice can 
be formulated through the maximization of fuzzy satisfaction function17. Surely, designers follow a very similar 
logical system as users when deciding the location of houses on a layout plan. Following this notion, fuzzy inference 
system (FIS) is used in the model to determine the advantageous value of housing units on a layout, and then 
generate the optimum site plans accordingly. 
Fuzzy inference interprets the values in the input vector and, based on user-defined rules, assigns values to the 
output vector. Inputs are the parameters that could be taken into consideration while designing a specific site plan. 
For instance, accessibility to services such as sports facilities, shopping and childcare can be an input. Output is the 
advantageous location value of a house, which fluctuates between 0 -the lowest and 1 -the highest. It is clear that 
easy access to the services is a locational advantage for a house, and can be numerically formulated with ‘distance’ 
in fuzzy mathematics. Long walking distances decrease the output value and vice versa. When the input and output 
is granulated with membership functions (MFs: fuzzy subsets) conditional statements between them are written in 
the following form: If (input is MF x), then (output is MF y), like: “If the distance is very long, then the advantage 
value is very low”. Generally more than one input is in the operation and they are connected by logical operators –
and, or, not– where needed. The parameters and rules are not fixed and change to suit different layout designs, 
which prompt the flexibility of the model. The inference process determines an output by evaluating each rule, and 
the final output of the FIS is the weighted average of all rule outputs. In this way, each given housing unit has a 
crisp single-valued quantity: 0  x  1 at the end, expressing their advantageous location value. When the overall 
calculation process is completed, a list of outputs is produced as a precursor to visualization. 
To elaborate the model, a case study is given here. The site planning model was applied to a real problem; to 
assess the layout scheme of a small summer house settlement in Famagusta, Cyprus. Nearly 60.000 square meters (6 
hectare) L-shaped land faces the main car road on the east. It has an access to the beach through an underpass. The 
site map and pictures of the settlement are given in Fig. 1. There are 100 houses (50 twin) on the plan; each is the 
same two-storey house of almost 120 square meters with three bedrooms, a balcony and garden area around.  
A sugeno-type FIS was used in MATLAB to evaluate the advantageous value of each housing unit on the 
existing site plan. For this application, three parameters (inputs) were chosen:  
1. Distance from the beach and market (D). A house is expected to be close to amenities, at least within a short 
walking distance especially for car-free usages and in hot climates. Thus, the distance of each housing unit to the 
underpass (to the access to the beach and market) will affect their advantageous location value in terms of 
accessibility. The input D is obtained by measuring the shortest way from the shared entrance of twin houses to the 
gate of underpass. 
The min., max. and average distances are measured as: 84.87; 235.77; 376.93. The subsets (MFs) for D are: 
“near” trapmf [0 0 84.87 235.8], “average” trimf [84.87 235.8 376.9] and “far” trapmf [235.8 376.9 400 500], given 
in Fig. 2a. The logical condition between this input and output is: closer a house is to the underpass, the more it is 
advantageous.   
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Fig. 1. The site map (Maps, 2016) and pictures of the settlement (by Author) 
2. Neighborhood (N). This parameter is related to the benefits and drawbacks of having immediate neighbors. 
When our neighbors are so close, this may result in less privacy, more noise and visual discomfort. In contrast, when 
they are so far, this means lack of support and place attachment, also uneasy feeling of insecurity. Ideal proximity, 
which is assumed to be 12-18 meters between two neighbors, is important in residential settlements to make and 
maintain good social relationship; the contact at the less or more distance is accepted as a disadvantage in this study. 
The input N is obtained for a house by measuring the distance to its immediate neighbor, which varies from 4.35 to 
28.86 (40.08 for only one house as an exception). The subsets (MFs) for N are: “close” trapmf [0 0 4.35 12], “ideal” 
trapmf [4.35 12 18 28.86] and “far” trapmf [18 28.86 40.08 50], given in Fig. 2b. The logical condition between this 
input and output is: when two houses are too close to or too far from each other, this will decrease the advantageous 
location value of the houses.  
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3. View (V). In such a residential settlement along the beach line, the view from the houses boosts attractiveness. 
For this layout four types of scenery are established. The beautiful view of the sea is appraised as the best, only 
enjoyed by the residents living at the front line. The houses at the second line can also see the beach line but 
limitedly. The third advantageous scenery is the lovely view of the pool in the middle of the site, available from the 
houses located around. Those houses of location quality are given 4, 3 and 2 degree respectively, while the rest get 
the minimum: only 1 point. The subsets (MFs) for V are: “ok” trimf [0 1 2], “good” trimf [1 2 3], “better” trimf [2 3 
4] and “the best” trimf [3 4 5], given in Fig. 2c. The logical condition between this input and output is: ‘4’ represents 
the most advantageous location while ‘1’ is the least; ‘2’ and ‘3’ shows the middle values. 
 
 
Fig. 2. Membership function plots: (a) Input: D (b) Input: N (c) Input: V (FIS in MATLAB) 
In sugeno-type FIS, output; the advantageous location value of a house (A), was also defined by subsets from the 
lowest membership to the highest membership: mf1: 0, mf2: 0.25, mf3: 0.5, mf4: 0.75 and mf5: 1. To obtain the 
output for each housing unit, inputs were processed using a set of fuzzy control rules -logical postulates between all 
inputs and output. 36 rules in total were formulated in this application, 2 of them are given: If D is near and N is 
ideal and V is the best then A is mf5 (1), If D is far and N is close (or far) and V is ok then A is mf1 (0).  
For this case, FIS was built in MATLAB as a three-input, one-output, and thirty six-rule analysis problem. It 
transformed the crisp inputs to fuzzified inputs (fuzzification: input to inputmf) then to outputs (evaluation of the 
fuzzy control rules: inputmf to outputmf), and finally to the single crisp output (aggregation: ouputmf to output). 
The FIS was repeated for each house and calculation process terminated when the list of 100 outputs was obtained.   
Later, the numeric values were coded by using color gradients to produce a heat-map for the architectural plan; 
where the highest numbers correspond to the hot colors.  
Fig. 3 shows the result of the analysis. At first sight, the most advantageous houses on the layout are the ones that 
have the best view at the front. The highest values belong to no. 8 and 9, which also keep ideal distance from each 
other. While the color assigned to the houses gradually turns in blue towards the back of the site, the buildings 
around the pool are marked yellow as higher values of nearly 0.75 by virtue of their nice view. The houses at the 
third row loose value altogether due to the parameter: view –recorded ‘1’ for them. Certain houses on the map 
dramatically differ from their immediate surroundings caused by proximity, such as no. 18, 43, 85 and 92 at very 
close distances to their neighbors. The house at the least advantageous position is no. 55; at the backmost, no 
neighbors around with an ordinary view. Its parameter values (D: 366.85, N: 40.08 and V: 1) trigger the rules for the 
lowest output value: mf1 (0). For all 100 units on the layout, 60% of the houses are under the value of 0.5; that 
couldn’t reach the average satisfaction level. On the other hand, only 13 houses exceed 0.75 and 2 of them is above 
0.9 having the complete locational satisfaction. Since a small amount of houses have better position, this layout 
cannot be cited as the result of a very successful planning according to the defined evaluation criteria.   
In this simple case study the proposed model was used to evaluate the current spatial quality of housing units on 
the layout. From a wider perspective, the results both reflect and affect many issues from finance to social 
interaction; such as the rent and for-sale prices and user satisfaction, and the overall livability of the settlement as 
well. Depending on the results, we can say that the model makes accurate and delicate evaluations; taking all 
parameters equally into account and calculate even fractional differences. The model processes in a subjective 
human reasoning by transforming numeric values into a linguistic decision making. Yet it also computes very 
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objectively without any human errors such as fast judgments, bias, misinterpretations and difficulty in capturing all 
criteria or skipping any detail.  
 
Fig. 3. The result of the analysis. 
3.  Conclusion 
The fuzzy site planning model introduced in this paper is not merely an analysis tool for assessment of existing 
site layouts. It is much aimed for early stages of design to assist architects when locating houses on specific land. 
The next step is to build a model where all layout components are defined as elements (houses, services, car parks, 
bus stops etc.). The elements are randomly arranged on the grid map for layout alternatives while FIS eliminates the 
proposals according to a certain objective function, like: find the solutions where the advantageous location value of 
each unit will not decrease under 0.5, or 75% of the houses will exceed 0.5. Designer can also choose the density 
level of the settlement while searching the optimum result. The model can also reveal which parts of the land are 
more available to settle (or to locate facilities) as a land use analysis for large-scale residential environments.   
The model is formed as an analytical framework for planning decisions, as it is open to the addition of new 
parameters and rules if required. The model is run with different criteria related to particular cases, such as the 
orientation of buildings, roadway noises, the size of gardens and distance from car parking lots. On the other hand, 
the model can be applied to very complex systems where initial design ideas are harder to execute, such as very 
dense settlements of more than 1000 flats and high raised apartment blocks. The model can also be a reference tool 
not only for designated housing settlements but developing urban and rural areas as well. 
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